Background: This study investigated the efficacy and safety of a new asthma therapy combining fluticasone propionate and formoterol fumarate (fluticasone/formoterol; flutiform W ), administered twice daily (b.i.d.) via a single aerosol inhaler, compared with its individual components administered separately and placebo, in patients with mild-to-moderate asthma. Methods: Patients aged ≥12 years were evenly randomised to 12 weeks of treatment with fluticasone/formoterol (100/10 μg b.i.d.), fluticasone (100 μg b.i.d.), formoterol (10 μg b.i.d.), or placebo, in this double-blind, parallel group, multicentre study. The three co-primary endpoints were: a) change in forced expiratory volume in the first second (FEV 1 ) from morning pre-dose at baseline to pre-dose at week 12 for the comparison with formoterol; b) change in FEV 1 from morning pre-dose at baseline to 2 hours post-dose at week 12 for the comparison with fluticasone, and c) time to discontinuation due to lack of efficacy from baseline to week 12 for the comparison with placebo. Safety was assessed based on adverse events, clinical laboratory tests and vital sign evaluations.
Background
Asthma is a chronic inflammatory disorder of the airways. It is associated with variable airflow obstruction related to airway hyperresponsiveness and bronchoconstriction. For persistent asthma, inhaled corticosteroids (ICSs) are recommended as one of the most effective treatments for airway inflammation. Nonetheless, for a significant number of patients symptoms persist and additional therapy is required [1] [2] [3] [4] [5] .
Landmark studies in adult and adolescents have demonstrated that patients using ICS and long-acting β 2 -agonist (LABA) combination therapy achieved better asthma control compared to more than doubling the dose of ICS or administration of ICS in combination with other therapeutic agents [2, [4] [5] [6] [7] [8] [9] [10] [11] [12] , while further studies specifically in children and adolescents aged up to 16 years have reported at least similar efficacy with ICS/LABA compared with doubling the ICS dose [13, 14] . In addition, research has also shown that the interactions between ICSs and LABAs potentiate each other's respective therapeutic effects at the molecular level [15] [16] [17] [18] .
The ICS, fluticasone propionate (fluticasone), has a well-established safety and efficacy profile, and exerts a potent and sustained anti-inflammatory effect [19] [20] [21] [22] . The LABA, formoterol fumarate (formoterol), has rapid, dose-dependent bronchodilatory effects, with an onset of action of 1 to 3 minutes [23] , similar to salbutamol and faster than that of salmeterol [24] [25] [26] [27] . Extensive research into the safety and efficacy of these two molecules is widely documented in the literature [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , and suggests that the fluticasone/formoterol combination may provide clinicians with a new and efficacious treatment for the management of persistent asthma.
The study presented here evaluated the efficacy and safety of fluticasone and formoterol combination therapy (fluticasone/formoterol; flutiform W ), administered via a single aerosol inhaler, in adolescent and adult patients with mild-to-moderate asthma.
Methods

Study design
This was a 12-week, randomised, double-blind, placeboand active-controlled, parallel-group study, conducted at 59 centres in North America and Europe. The study was conducted in accordance with ICH GCP and as per the ethical principles of the Declaration of Helsinki. The Institutional Review Boards or Independent Ethics Committees at each participating centre reviewed and approved the protocol (United States: Schulman Associates Institutional Review Board Inc., Cincinnati, Ohio; University of Florida Health Science Center IRB-01, Gainesville, Florida; Baylor Research Institute IRB, Dallas, Texas; Marywood University IRB, Scranton, Pennsylvania; Canada: IRB Services, Aurora, Ontario; Research Ethics Board MUHC-MGH Site, Montreal, Quebec; Europe: Ethics Commission of State Pharmacological Center of Health Ministry of Ukraine, Kiev, Ukraine). Written informed consent was obtained from all patients (or the parents or guardians of patients under 18 years of age) before they were enrolled into the study.
The efficacy and safety of fluticasone/formoterol combination therapy 100/10 μg, administered twice daily 
Patients
Patients of both sexes, aged 12 years and over, with a history of asthma of at least 12 months prior to screening, as defined by the National Asthma Education and Prevention Program [31] , were considered eligible for study enrolment. Eligible patients had either a documented history of ICS use for at least 4 weeks before screening, at a daily dose of not more than 500 μg fluticasone HFA pMDI (or equivalent), or were not on ICS therapy for at least 12 weeks prior to the screening visit. All patients were required to have a Forced Expiratory Volume in the first second (FEV 1 ) between 60% and 85% (inclusive) of predicted normal values at both screening and baseline visits. Patients also needed to demonstrate FEV 1 reversibility, i.e. reversible bronchoconstriction for patients who did not have a history of documented reversibility within the 12 months prior to the screening visit. These patients underwent a reversibility testing procedure, after the pulmonary function tests at screening, defined as a ≥14.5 % increase 15-30 minutes following albuterol/salbutamol aerosol inhalation (200 to 400 μg, as appropriate, i.e. two inhalations of 100 μg, separated by a period of 1 minute. If reversibility was not met, FEV 1 was re-assessed within another 30 minutes, and if still not met, two further inhalations of albuterol/ salbutamol were administered and reversibility was re-assessed). All patients had to be able to demonstrate satisfactory aerosol technique and accurate use of the telephone diary system.
Patients were excluded from the study if they had a history of life-threatening asthma within the previous 12 months or during the run-in period. Patients with a history of systemic corticosteroid use within the previous 3 months, omalizumab use within the previous 6 months, or leukotriene antagonist use within the week before screening, were also excluded. Other exclusion criteria included significant, non-reversible pulmonary disease, respiratory tract infections within the 4 weeks prior to screening visit or during the run-in period, significant medical illness, a smoking history of at least 10 packyears or current smoking history within the previous year, and hypersensitivity to study medication. Patients were also excluded if they had received β-blockers, tricyclic antidepressants, monoamine oxidase inhibitors, quinidine-type antiarrhythmics, or drugs known to inhibit CYP3A4, within the week prior to screening. However, use of a LABA prior to screening was permitted.
Interventions
The run-in period was used to confirm that all patients were symptomatic and to ensure that the baseline assessments were standardised across all patients after discontinuing their respective asthma medications. For patients who were ICS-requiring prior to screening, the run-in period lasted 14 ± 3 days during which time they received fluticasone (pMDI; 50 μg b.i.d.) as maintenance therapy. For patients with no history of ICS use, the run-in lasted between 14 to 28 days and they received no maintenance therapy during this time. Rescue medication was available to all patients for deteriorating asthma symptoms. During any 7 consecutive days of the run-in, patients were required to use at least two inhalations per day of rescue albuterol/salbutamol medication for at least 3 days and to have either 3 or more days with asthma symptoms or one night with sleep disturbance due to asthma. At the baseline visit, which was defined as week 0 and followed the run-in period, patients returned to the study site to complete the randomisation procedures (assessment of pulmonary function and general asthma symptom-based endpoints) and to confirm that randomisation criteria were met.
At the end of the run-in period, eligible patients were randomised equally into one of the following four blinded treatment arms using minimisation with biased coin assignment [32] , stratified according to prior steroid use, study site, and the subgroup of patients aged 12 to 18 years. Patients were provided with two inhalers: one for fluticasone/formoterol, formoterol or placebo (which were identical in appearance), and one for fluticasone or a visually identical fluticasone placebo. Study medication was administered twice daily for 12 weeks, taking two actuations from each device twice daily (8 inhalations per day): fluticasone/formoterol 100/10 μg (50/5 μg, 2 inhalations b.i.d.) and placebo b.i.d., fluticasone 100 μg (50 μg, 2 inhalations b.i.d.) and placebo b.i.d., formoterol 10 μg (5 μg, 2 inhalations b.i.d.) and placebo b.i.d., or placebo (2 inhalations, 2 devices, b.i.d.) ( Figure 1 ). All study medications were administered via a pMDI without the use of a spacer. Patients were required to have a 1-minute interval between inhalations, always use the pMDIs in the same sequence and rinse their mouth thoroughly after dosing. All other asthma medications were prohibited during the study, except for albuterol/ salbutamol, the use of which was permitted, as needed, in case of worsening asthma symptoms. An Interactive Voice Response System was used for patient enrolment, treatment allocation, and generation of patient identification number. The use of dummy placebo inhalers ensured that blinding was maintained throughout the study. The investigators, study site personnel, and representatives involved in monitoring, data management, any other aspect of the study, including sponsor personnel, were blinded throughout the study. Treatment assignment was strictly confidential and accessible only to authorised persons until the time of unblinding.
Patient adherence to assigned study medication regimen was assessed based on the data recorded via a telephone diary system. Each patient recorded the number of actuations of study and rescue medication they had used during both the run-in and the treatment periods. A safety follow-up was carried out two weeks after last dose of study medication by telephone.
Efficacy assessments
The efficacy of fluticasone/formoterol combination therapy in comparison with fluticasone, formoterol, and placebo was evaluated using three co-primary endpoints: the mean change in FEV 1 (as measured in the clinic) from pre-dose at baseline to pre-dose at week 12 (a comparison of fluticasone/formoterol versus formoterol alone) was used to assess the contribution of the antiinflammatory component from the fluticasone/formoterol combination; the mean change in FEV 1 (in clinic) from pre-dose at baseline to 2 hours post-dose at week 12 (a comparison of fluticasone/formoterol versus fluticasone alone) was used to assess the contribution of the bronchodilator component from the combination product, and discontinuation due to lack of efficacy was used to evaluate the efficacy of the fluticasone/formoterol combination compared with placebo. Lack of efficacy was defined by asthma exacerbations and loss of asthma control (see below for definitions), and these two classifications were combined for the analysis. In order to demonstrate superior efficacy, fluticasone/formoterol therapy had to achieve statistical significance over the relevant comparator treatments for each of the three coprimary endpoints.
Secondary efficacy endpoints comprised additional pulmonary function tests including FEV 1 % predicted normal, Forced Vital Capacity (FVC), frequency of asthma exacerbations, and data gathered from patients' telephone diaries including morning and evening Peak Expiratory Flow Rate (PEFR), asthma symptom scores, sleep disturbance scores, and frequency of rescue medication use. FEV 1 was measured in the clinic at baseline and at weeks 2, 4, 8, and 12 by spirometry in accordance with the American Thoracic Society/European Respiratory Society Task Force guidelines [33] . Predicted FEV 1 values were determined using the values of Polgar and Promadhat [34] for patients aged 12-17 years, and those of Crapo et al. [35] for patients aged 18 years and older. Spirometry values were also adjusted for race. PEFR was measured twice daily, pre-dose, by means of a Micro-Peak peak flow meter (Micromedical, Chatham Maritime, Kent, UK), and patients recorded the results using the telephone diary system.
The frequency and severity (defined as either 'mild-tomoderate' or 'severe') of asthma exacerbations were recorded throughout the study. Mild-to-moderate exacerbations were defined as any of the following occurring for at least 2 consecutive days: i) pre-dose PEFR measurements more than 30% below the values measured at baseline, or ii) awakening during the night because of asthma, or iii) the use of additional rescue medication of more than three inhalations per day compared with baseline. Severe exacerbations were defined as the deterioration in asthma that required additional therapy (for example, systemic steroids), or an emergency visit or hospitalisation due to asthma.
Asthma symptoms, scored on a six-point scale ranging from 0 to 5 (0 = no symptoms; 5 = asthma so severe that the patient was unable to go to work or school or to carry out normal daily activities), and sleep disturbances, scored on a five-point scale ranging from 0 to 4 (0 = slept through the night, no asthma; 4 = could not sleep at all because of asthma), were recorded via the telephone diary system.
Patients were withdrawn from the study because of lack of treatment efficacy (asthma exacerbations and loss of asthma control) if any of the following five criteria were met: i) a severe asthma exacerbation requiring emergency treatment, hospitalisation, or use of any asthma medication not permitted in the study protocol, ii) a decrease in pre-dose FEV 1 (as measured in the clinic) of more than 20% from baseline, iii) a decrease in morning pre-dose PEFR (from telephone diaries) of more than 25% from baseline on more than 3 of the 7 days before a study visit, iv) excessive use (more than 12 actuations per day) of rescue medication on more than 3 of the 7 days before a study visit, or v) nocturnal awakening due to asthma, that required rescue medication, on more than 2 of 7 days before a study visit.
Safety assessments
Safety assessments were carried out throughout the study based on adverse events reported, vital signs, a 12-lead electrocardiogram (ECG), and clinical laboratory testing.
Statistical analyses and sample size calculation
Efficacy analyses were performed on the full analysis set (FAS) (all patients who received at least one dose of study medication, had a baseline FEV 1 measurement and at least one post-baseline pre-dose and 2-hour post-dose FEV 1 measurement), the per-protocol (PP) population (all patients in the FAS who did not have a major protocol violation, which included patients who did not take study medication on at least 50% of the days that the patient was in the study or if the patient did not return for two study visits in a row), and the safety population (all randomised patients who received at least one inhalation of study medication).
The change in morning pre-dose FEV 1 from baseline to pre-dose at weeks 2, 4, 8, and 12, and change in morning pre-dose FEV 1 from baseline to 2-hours postdose at weeks 2, 4, 8, and 12 were compared between the treatment groups using analysis of covariance (ANCOVA), with treatment group, centre, and previous steroid use as main effects, and baseline FEV 1 as a continuous covariate. Missing data were replaced using the last observation carried forward (LOCF) approach. To analyse the time to discontinuation due to lack of efficacy, a stratified log-rank test was performed adjusting for treatment group and previous steroid use. In this superiority analysis (which used a two-sided t-test), superiority for each the three co-primary endpoints was confirmed if the lower limit of the 95% confidence interval (CI) for the between-treatment difference did not span 0, and hence p < 0.05. There was no requirement for the CI to be above a pre-defined threshold. For the secondary endpoints, the differences between groups for the change from baseline in PEFR, asthma symptom scores, sleep disturbance scores, and rescue medication use were analysed using the ANCOVA model described above, with the relevant baseline value as the continuous covariate. Differences in the frequency of exacerbations between groups were tested by logistic regression analysis with effects for treatment group and previous steroid use, and differences between groups for the percentage of days with an asthma exacerbation and percentage of asthma control days were assessed using van Elteren's method for combining Wilcoxon rank sum test results from independent strata, with prior steroid use as the stratum for the analysis.
Provided all three co-primary endpoints were statistically significant, the secondary endpoints were then evaluated using a sequential gatekeeper approach [36] for the three treatment comparisons, according to the following order: i) fluticasone/formoterol combination therapy versus placebo, and ii) fluticasone/formoterol combination therapy versus fluticasone alone and fluticasone/formoterol combination therapy versus formoterol alone.
The first four secondary endpoints were analysed firstly for combination therapy vs. placebo, in the following order, based on the mean change from baseline to week 12: morning PEFR, evening PEFR, use of rescue medication, and asthma symptom scores. Provided that each of these analyses returned statistically significant results for combination product vs. placebo (p < 0.05), the subsequent analyses (combination therapy vs. fluticasone alone and vs. formoterol alone) could then be carried out in the same order. Statistical analyses were two-sided and significance was measured at the 0.05α level. If both tests were significant at the 0.05α level, the next endpoint could be evaluated for confirmatory statistical significance. If one of the two tests was not significant at the 0.05α level, for example the analysis of morning PEFR for combination therapy vs. fluticasone alone, the other test (morning PEFR for combination product vs. formoterol alone) could be evaluated for statistical significance at the 0.025α level, however all formal testing of the remaining secondary endpoints was suspended (i.e. for both combination product vs. fluticasone and vs. formoterol). If the analyses were not statistically significant for the combination product versus either comparator then, once again, all remaining confirmatory sequential testing was formally suspended. If the sequential gatekeeper approach for the three comparative tests was statistically significant for each of the four endpoints, confirmatory sequential testing of the remaining secondary endpoints was carried out in the following order, using the same Hochberg methodology as described above: percentage of symptom-free days (defined as days with an asthma symptom score of zero), percentage of rescue medication-free days (days with no use of rescue medication), percentage of asthma control days (days with asthma symptom score of zero, sleep disturbance score of zero, and no use of rescue medication), the proportion of patients with treatmentemergent asthma exacerbations, sleep disturbance scores, and the percentage of awakening-free nights (nights with a sleep disturbance score of zero). Pre-specified subgroup analyses were performed for all three co-primary endpoints based on prior ICS use, using an ANCOVA, with age and study site as factors, and using the LOCF approach on the FAS.
Safety analyses were performed for all randomised patients who received at least one inhalation of study medication (the safety population).
For pre-dose or 2-hours post-dose FEV 1 measures, a sample size of 92 patients per treatment group in the study would have 85% power to detect a significant difference between two treatment groups using a two-sided t-test with α=0.05, assuming a difference of 0.2 L with respect to mean change from morning pre-dose baseline to either morning pre-dose FEV 1 at week 12 or 2-hour post-dose FEV 1 at week 12, and a common standard deviation (SD) of 0.45. It was therefore planned to enrol 108 patients in each group to account for an approximately 15% drop out rate. Assuming that 10% of fluticasone/formoterol and 30% of placebo group patients would discontinue due to lack of efficacy, with 92 patients per treatment group there would be 90% power to detect this difference using a two-sided log-rank test with α = 0.05.
Results
A total of 475 patients were randomised to treatment, including 33 adolescents (6.9%). Of the 475 patients, 333 took part at sites based in the United States, 80 were based in Canada, and 62 in the Ukraine, and, overall, 367 (77.3%) patients completed the study (Figure 2 ). Treatment groups were well-matched with regard to demographics and baseline characteristics, with little difference between groups with respect to lung function reversibility. Prior to screening, a total of 29.4% of patients had received ICS monotherapy, and 20.0% had received combined ICS and LABA combination therapy ( Table 1) . The median FEV 1 % predicted value at baseline ranged from 72.0 to 75.0 ( Table 1 ). Mean compliance rates ranged from 84% to 85% across treatment arms. There were 459 randomised patients in the FAS (115, 117, 116, and 111 in the combination, fluticasone, formoterol, and placebo groups, respectively); 408 in the PP population (103 in each of the combination and fluticasone groups, and 101 in each of the formoterol and placebo groups); all 475 patients were in the safety population.
Primary efficacy endpoints
The three co-primary endpoints demonstrated superior efficacy of fluticasone/formoterol combination therapy compared to fluticasone, formoterol, and placebo, respectively ( Table 2) .
The fluticasone/formoterol combination showed clinically relevant improvements in FEV 1 from pre-dose at baseline to pre-dose and 2-hour post-dose at week 12 (Table 2 ). Furthermore, the contribution of the fluticasone component in the combination product, as analysed by the mean change in FEV 1 from pre-dose at baseline to pre-dose at week 12, demonstrated statistically significant improvements for patients in the combination therapy treatment arm compared with those administered formoterol alone (LS mean difference = 0.101 L; 95% CI: 0.002, 0.199; p = 0.045). Similarly, the contribution of the formoterol component of the combination product, as analysed by the mean change in FEV 1 from pre-dose at baseline to 2 hours post-dose at week 12, demonstrated statistically significant improvements for patients in the combination therapy treatment arm compared with those administered fluticasone alone (LS mean difference = 0.200 L; 95% CI: 0.109, 0.292; p < 0.001) ( Table 2 ). The improvements in pre-dose FEV 1 ( Figure 3A ) and 2-hour post-dose FEV 1 ( Figure 3B ) with fluticasone/formoterol were demonstrated throughout the entire treatment period as shown by pulmonary function tests carried out at Weeks 2, 4, 8, and 12. Secondary analyses also showed that fluticasone/formoterol provided significantly greater improvements than fluticasone alone in FEV 1 from pre-dose at baseline to pre-dose at week 12, and numerically greater improvements in FEV 1 from pre-dose at baseline to 2 hours post-dose at week 12 compared with formoterol alone (Table 2) .
Fluticasone/formoterol combination therapy was also shown to be superior to placebo with respect to the time to discontinuation due to lack of efficacy (due to either asthma exacerbation or to loss of asthma control) (logrank p = 0.015) ( Table 2 ). Furthermore, fewer patients discontinued due to lack of efficacy in the combination therapy group (6.1%) compared with those in the fluticasone group (7.7%), formoterol group (11.2%) or the placebo group (16.2%) ( Table 2) .
Secondary efficacy endpoints
The secondary efficacy endpoints evaluated lung function, disease control and asthma symptoms. Overall, all of these evaluations supported the superior efficacy of fluticasone/formoterol combination therapy compared with the individual components and placebo. The combination product demonstrated numerically greater improvements for a number of the secondary endpoint evaluations versus all three of the comparators, with many endpoints meeting the criteria for statistical significance as per the sequential gatekeeping approach.
The mean increase in morning and evening PEFR values from baseline to week 12 was statistically significantly greater (p < 0.01) for patients on the combination product compared with those administered fluticasone, formoterol or placebo (Figure 4 ).
Disease control, as evaluated by asthma control days, rescue medication-free days, symptom-free days, and awakening-free nights (Table 3) , demonstrated numerically greater improvements for fluticasone/formoterol compared to all the comparator treatments. However, significant inferential statistical testing was only exploratory based on the sequential gatekeeping approach. Patients administered fluticasone/formoterol 100/10 μg b.i.d. demonstrated a five-fold increase in the percent of asthma control days from baseline (12.8%) to week 12 (69.1%), corresponding to 0.9 days per week at the start of the study compared to 4.8 days by the end of treatment. The mean increase in percent of asthma control days was 56.3% for the combination product, 44.0% for the fluticasone, 41.9% for the formoterol, and 36.0% for the placebo groups.
Overall, a lower percentage of patients on combination therapy experienced any asthma exacerbation (20.0%) compared to those administered the monotherapies (23.9% on fluticasone; 28.4% on formoterol) or placebo (32.4%), although the differences did not reach statistical significance. For patients in the fluticasone/formoterol group, 2.6% experienced a severe exacerbation, compared to 3.4% on fluticasone, 6.9% on formoterol, and 9.0% of patients on placebo (p = 0.048 for placebo vs fluticasone/formoterol).
Similarly, a larger mean increase in rescue medicationfree days was observed in the combination therapy arm than in any of the comparator groups. In the fluticasone/formoterol group, a greater than three-fold increase was seen in the number of rescue medication-free days from baseline (21.8%) to week 12 (77.7%), corresponding to an improvement from 1.5 days/week to 5.4 days/week. Overall, the mean increase in percent rescue medication-free days was 55.9% in the combination therapy group compared to 43.3%, 41.9%, and 39.4% for the fluticasone, formoterol, and placebo groups, respectively ( Table 3 ).
The mean percentage of symptom-free days at week 12 (77.4%, corresponding to 5.4 days/week) in the combination therapy group was 2.5-fold than seen at baseline (28.0%, corresponding to 2.0 days/week). The mean increase in symptom-free days in this group was 49.4%, compared with 37.3%, 38.0% and 35.6% in the fluticasone, formoterol and placebo groups, respectively.
This trend was also seen in the number of awakeningfree nights for patients in the fluticasone/formoterol group. The mean percentage of awakening-free nights Table 2 Mean change in FEV 1 (L) from pre-dose at baseline to pre-dose and 2-hour post-dose at week 12, (LOCF), time to discontinuation due to lack of efficacy and study duration for each treatment group, Full Analysis Set was approximately 1.5-fold greater by week 12 (87.9%) compared to baseline (59.1%), which corresponds to 4.1 awakening-free nights at baseline and 6.2 awakeningfree nights at the end of study. The mean increase was 28.8% for patients in the combination therapy group compared to 25.4%, 19.6%, and 20.9% for patients in the fluticasone, formoterol, and placebo groups, respectively. Asthma symptoms, as evaluated by rescue medication use, asthma symptom scores, and sleep disturbance scores, recorded daily by the patients, demonstrated numerically greater improvement for those administered fluticasone/formoterol compared to the individual components and placebo. Rescue medication use was statistically significant for the combination versus all three comparator groups, as evaluated using the sequential gatekeeping approach (Table 4) .
Sub-group analyses
Pre-specified subgroup analyses were performed based on ICS use prior to study entry, although it should be acknowledged that this study was not powered to assess these endpoints statistically. For patients with no history of ICS use prior to study enrolment, the difference between the mean change in pre-dose FEV 1 from baseline to week 12 between the combination therapy and formoterol groups was not statistically significant (LS mean treatment difference: 0.094 L; 95% CI: -0.050, 0.237; p = 0.200). However, the mean increase in FEV 1 from pre-dose at baseline to 2 hours post-dose at week 12 was statistically significant in the combination therapy group compared with fluticasone alone (LS mean treatment difference: 0.212 L; 95% CI: 0.070, 0.354; p = 0.004).
For patients with a prior history of ICS use, the combination product was statistically significantly superior to each of the comparators for the mean change from pre-dose FEV 1 at baseline to both pre-dose at week 12 (LS mean treatment difference combination product compared with formoterol alone: 0.139 L; 95% CI: 0.000, 0.277; p = 0.050) and 2 hours post-dose at week 12 (LS mean treatment difference combination product vs. fluticasone alone: 0.172 L; 95% CI: 0.054, 0.291; p = 0.005).
With respect to discontinuations due to lack of treatment efficacy, no statistically significant treatment group difference was identified among patients with no history of prior steroid use (log-rank p = 0.795); 4 patients (7.3%) from the combination therapy group and 3 (5.8%) from the placebo group discontinued prematurely. For patients with a history of ICS use, fluticasone/formoterol combination was demonstrated to be statistically significantly superior to placebo (p = 0.002, log-rank test); 3 patients (5.7%) receiving fluticasone/formoterol discontinued early compared to 15 patients (36.6%) administered placebo.
Safety and tolerability
Combination therapy with fluticasone/formoterol was well tolerated. Adverse events were reported by 38 (32.2%) patients in the fluticasone/formoterol group, 47 (39.5%) patients in the fluticasone group, 44 (36.7%) patients in the formoterol group, and 46 patients (39.0%) in the placebo group (Table 5) . No deaths or asthma exacerbations requiring hospitalisation were reported. Most adverse events were mild or moderate in severity. Only one serious adverse event occurred during the study, a case of right-sided renal colic in a 70-year-old male patient receiving fluticasone/formoterol therapy which was not considered by the Investigator to be treatmentrelated.
The most common adverse event leading to premature discontinuation of treatment in any group was asthma (fluticasone/formoterol combination therapy group, 2.5%; fluticasone group, 3.4%; formoterol group, 6.7%, placebo group, 11.9%). The most frequently reported adverse events occurring in more than 2% of patients in any treatment group are summarised in Table 5 . There were no incidences of oropharyngeal candidiasis or dysphonia in any of the treatment groups. In addition, there were no clinically relevant changes or group differences for laboratory values (including glucose and potassium), vital signs, or ECG parameters.
Discussion
The study presented here evaluated the efficacy and safety of fluticasone/formoterol 100/10 μg b.i.d. combination therapy compared to the individual components administered separately and placebo over a 12-week treatment period. The patients who took part in the study were adolescents and adults with mild-tomoderate asthma who were either already on ICS medication (either with or without a LABA) or who were ICS-free prior to screening.
The three co-primary endpoints all demonstrated that the fluticasone/formoterol combination product was superior in efficacy compared to each of the comparators. The first two co-primary efficacy endpoints evaluated lung function, based on FEV 1 measurements, and compared the combination product with fluticasone alone and with formoterol alone, respectively. The improvements in FEV 1 from pre-dose at baseline to pre-dose and 2 hours post-dose at week 12 were clinically relevant for patients receiving fluticasone/formoterol. Moreover, improvements seen in the combination therapy group were numerically and statistically significantly greater for the combination product compared with the monotherapies administered alone. Tachyphylaxis has been reported with formoterol monotherapy [37] and should be considered when interpreting the results. Nonetheless, fluticasone/formoterol combination therapy provided improvements from baseline in lung function over 12 weeks of treatment in this study. This improvement was seen throughout the study period, as shown by pulmonary function tests at weeks 2, 4, 8, and 12, and were supported by the secondary efficacy endpoints evaluating lung function, for example the morning and evening PEFR measurements. The third co-primary endpoint, evaluated for the fluticasone/formoterol versus placebo treatment arms, showed that the combination product was statistically significantly superior to placebo with respect to the time to discontinuation due to lack of efficacy. Fewer patients in the combination therapy group prematurely left the study because of lack of treatment efficacy compared to those in any of the other three treatment groups.
Probably the most important and clinically relevant endpoint for patients is disease control. This was evaluated in this study by analysing the number of asthma control days, asthma exacerbations, rescue medicationfree days, symptom-free days, and awakening-free nights. Although not a validated endpoint, the definition of asthma control used in this study was robust and highly relevant (recorded as days with no asthma symptoms, no sleep disturbance due to asthma, and no use of rescue medication). The use of the gatekeeping approach meant that these secondary endpoints could not be subjected to confirmatory statistical testing. However, the greatest improvements in these symptomatic endpoints were seen for patients administered the combination product compared to those receiving either of the individual treatments or placebo. Patients treated with the combination product also reported fewer asthma exacerbations throughout the study compared to each of the other treatment arms.
A potential criticism of this study could be the recruitment of patients who were not on ICS monotherapy at baseline, perhaps suggesting the potential for overtreatment of patients with milder asthma. This would not be consistent with GINA guidelines, which suggest a stepwise treatment approach whereby patients with persistent asthma should be initiated on a low to medium dose of inhaled corticosteroids prior to treatment escalation in the event of a suboptimal response. Nonetheless, the median FEV 1 as a percentage of predicted value at baseline was relatively low (72-75% across the treatment groups), suggesting that a notable proportion of patients had moderately severe asthma and significant pulmonary impairment. Furthermore, whilst the authors would not advocate a change to established treatment paradigm, two observations are nonetheless evident from this study. Firstly, pre-specified subgroup analysis of the populations of patients with no history of ICS use at baseline and those who were on an ICS at baseline demonstrate that both subgroups showed improvements for the two coprimary lung function endpoints over 12 weeks of treatment. Secondly, the treatment benefits for ICS-requiring patients were similar to or better than those for ICS-naïve patients on all three co-primary endpoints (versus the relevant comparator). These data may reflect the clinical benefit that patients could receive when stepping-up treatment to combination therapy.
Fluticasone/formoterol combination therapy demonstrated a good safety profile and was well-tolerated during the 12-week treatment period. There were no deaths or asthma exacerbations requiring hospitalisation in this study, and the adverse event profile of the combination therapy was similar to that of its individual components administered separately and placebo.
This study provides strong evidence of the benefits of a new combination of fluticasone/formoterol, administered via a single aerosol inhaler, in adolescent and adult patients with mild-to-moderate asthma.
Conclusions
The data presented here are consistent with those observed in previous studies exploring the benefits of this ICS/LABA combination therapy [27, 28] . The coadministration of formoterol and fluticasone shows superiority to the individual components administered separately and placebo for all three co-primary endpoints and confers significant benefits in terms of lung function, disease control, and asthma symptoms. This study therefore demonstrates that fluticasone/formoterol combination therapy is an efficacious and well tolerated treatment for asthma. b. An exacerbation of asthma was considered as an adverse event if it did not resolve with the study drug, including rescue albuterol/salbutamol, and additional medication was required (e.g., systemic glucocorticosteroids).
